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(57)Abstract: 

PURPOSE: To provide a working method of a 
semiconductor substrate wherein its productivity; its 
uniformity, its controllability and its cost are excellent 
when Si whose crystallinity and surface flatness are as 
excellent as those of a single-crystal wafer is obtained 
on an insulating layer. 

CONSTITUTION: The manufacturing method of a 
semiconductor substrate is provided with the following: 
a process wherein a silicon substrate is made porous; a 
process wherein a non-porous silicon single-crystal 
layer 12 is formed on the porous substrate and a first 
substrate is formed; a process wherein, after the 
surface of the non-porous silicon single-crystal layer 
has been pasted on a second substrate 13 via an 
insulating layer, a silicon substrate 15 which has been 
made porous is immersed in a chemical etching solution 
and porous Si is removed; and a process wherein a heat 
treatment is executed in a reducing atmosphere at a 
temperature which is lower than the melting point of 
single- crystal silicon. 



^(TQAppiicant : CANONINC 
(72)lnventor : SATONOBUHIKO 
YONEHARA TAKAO 





LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 



26.02.1997 



2994837 
22.10.1999 



2A 



Searching PAJ • 
[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 
[Date of extinction of right] 



Copyright (0 ; 1998,2000 Japan Patent Office 



(19)B*H*Wf CJ P) Cl» & m * ft & * (A) 



(51)Inta 5 
H 0 1 L 21/02 
21/306 
21/324 
27/12 

// H 0 1 L 21/304 



B 8518-4M 

B 7342-4M 

Z 8617 -4M 

Z 8728-4M 

3 2 1 M 8728-4M 



#H¥5-217821 ' 

(«)fiBBB ¥«5¥0993) 8 £27 B 



#fiPF4- 16523 

4 ^(1992) 1 £31 B 



(71)HiffiA 000001007 

£s»3|5*EBET A? 3 Ti30# 1% 

imwm m ism 

8n&«*BBETA*3T130#2^*+' 



(54) 1»««!>*»J 4yW*Sfi«^»^ 

(57) ISftl ^ IE ^ ) ^ B>i , 

[Writ] •y^ySfiWSfttsm 





(2) 



\i**3i mmmx®**™®^** 



^3|:flc*S©^»*ft. .^wi- 
%**ei ikm*"******** 1 ^*** 

* 5 KiEft^**^*^ 8 **' 
11**71 imNfflkSftfcW* 0 *** 50 *' 

%**si OTJNac^^tt^^^ 

mill ™***»»~™%lt'JL 

1***121 flME^TLK^^^*^** 40 

tut*** y - 2 0 ^ D y WT * fc 

[is** 1 3 1 itHEH 2 o£ffii±. 5/ y => 

2,1** 1~12 tE«©*»#«R«>fl«**- 

[is** i4i *ie» 2 

61** i~i2 i:E««f**I* ro ^* fc 
[1**15 1 HEWO^to*!*^****'*; 

[Il**i 6 1 MBB0*trtfria* l «*** tr * H 50 



¥05-217821 

[it** 1 7 1 Mia#*ft* y => ^ftsrt. * 

^1** l 8 1 WE***.** 9 ^ 

^X^CVDS, *CVDifc, 

ftCVDifc, /<47* 

[If** 1 9 1 «JlB^7Lmki-5XStt»*^^*> 
[1**2 Ol «IfB»«^ttHF»«f -CtTfcnS 

ffi **i 9nia«ro*3f#ss»^»*fc 

[i*±iilffl»»l ***** iMWMWwffWftt 

vm&mm^mz^*^^ mm** 
wi*±«>ws*s i 

tt 5/9=.^ *V ^f*^- (SOl) S#T 

9 s i «[-ett«au*.ftvHS*«>«t**so i m 
uww ***** - t ^*<«wj« 

3. ftaSEfF*^^**^**^* 5 ^*' 

^.ffiT^^^^' Special 
t - . . • "Single-crystal s 
e - c r y s 



ilicononnonsin 

" • edited b 
tal insulators , 
y G.W.Cullen, Journal of 
Crystal Gro.wth, volume 6 
3, no 3, PP 4 2 9-5 9 0 (1 9 8 

3 I0 0 0 4l*fc. ^^^^^ 



(3) 



to oo 5i i. siw*a»««^^« 

s i WW****"* s 1 °2- tk 

s i 10*9****5. ) . 

[0 0 0 61 2. SiWtt«*»^*f^. L 
tt, s i *>*^* v '- ) 0 

(Zone melting r e c r y . t a 1 1 i 

** tt V*^* 

• 1 t ing Recry s ta 1 1 i za t i on& 

10 0 0 81 lE20^MSiflS^tnv 
10 0 0 91 1. VS^SBtft*^'^^^* 

i*:ttW^B^tBt<**a+* 18 ' HWSpbS.SS 



¥05-217821 

[00101 2. (SIMOX:Sepe 
ration by ion implanted o 
xyg en) fc***l6Si¥lB*^*MMM** 

* 1 0 IB i o n s / c m 2^±taAf^ 

[0 0 1 U 3. #?L*Si«SWfcfci5R«*#W*- 
iOSOiW^m c»*fttt. P^si 
l«S*«R*iBtNSls \M*7» WAirv^ 
(^<tL J- Crys ta lGrowth, vo 
! 6 3 5 4 7 (1 9 8 3) ) , *,L<tt. 

ffi j:0S i«BtrJ:5fcHF«M*oWiftaWsfc* 
OPlSiSW^WUco^ HSiWktJ: 

, „ N gsi ftfc«m^«M-s**^ fe5 - ***** 

[0 0 121 J?************** 

hz-bK****** siis:*attt. & 

K*ittft«tt***t4v*. **** 

^**k«oh* "*i2ii? 
[ooi5i j*^** 

it X o it*****.*************** 
[00161 XfcttSHtt. tt*«> s o i 

"[oo nHt »is OI l^» 



tfW¥05-217821 



mat-mi-*®^ «*fcsos«\ SIMOX<0 

— *^"isr* to 

Vx-C 4Stt, *Ht. ««*^ =»^h©BK*.v^ 10 
^ L fc*»#S««)ff * - k * B W h 

[0 0 2 11 ««ttt»fC. *B«£9 

ilttMLhK:X»#«t<*ft<. 

l00 2 3] ^^ 1] ^;¥??^^ 

H F 5 0-20 %fc«fc**6 r * -C«K 
" 1 ~ 0 6 g / c m3o«B *** ^ 

[0 0 2 61 £?L«S ill. Uhli r*Wotl9 

Bell Sy s t. Te c h. 50 



, V ol 35, P- 3 3 3 (1 9 5 6) ) . * 

' ^ 5 *tt. «MiftU«t*J»tSS i(0*»RJ6*r 

( T J- Electroc-hem. S 

oc. vo1 " 12? ' P - 4 7 6 (1 9 8 
[0 0 2 71 S 1 + 2HF+ (2-n) e+ - S i 
F 2 +2H+ + ne- 
si F 2 + 2HF - SiF 4 +H 2 
s j f 4 + 2HF - H 2 S i F 6 

Si; 4 HF + (4-1) e + - SiF 4+ 4H + 
+ X e- 

S i F 4 +2HF - H 2 S i F 6 

L [oot°8l eu^*^ EiLofffti-spa^y 

4^ vol 79, SSD 7 9-9 64. 

9 7 9 ) , K. ^iS«l id - St ! te M U 
t r on i c s vol 2 4, 1 5 9 (1 9 8 

in . z»&>ttMte+* p *'' l) =™Vt: 

"[0 0 2 91 -^ aKK.^ 3 ^ S 



(A. Uhlir. 



t^om (R- P- Holms torm, " 
Y . Chi Appl- PhVS. Lett o 1° 
! 4 2 , 3 8 6 (1 9 8 3) ) P. 

1 1 2 ZM&irZo ^j,,, u , 

,.»3n*«sii«. 



(5) 



<&BI ¥05-217821 



[0 0 3 2] *fc. ±Ebfc#*.*Si.h<D*tf**S/ 
****K*5^ *?LKS i ft*©****©* 

[0 0 3 3] *fc. ^aMtt*®**"-**^ 1 ** 

[0 0 3 4] «LRSl*r*S'^^*** fcl '' cri 
S i + 20 -» S i 0 2 

i0 2 +4HF - S i F 4 +H 2 0 



1. NaOH^S^HRSi^'^^^tS 
(G. B o n c h i 1 , R- He r i n o, K. Bar 
la, and J- C. Pf ister, J- Ele 
c t r ochem. Soc. , vol.130, n 
o 7 1 6 1 1 (1 9 8 3)). 

[0 0 3 5] 2. ^ B si^,fym:i^ 

[0 0 3 6] ±E 2 7yBW*©*5' 
(1 0) 

(1 1) 



Y) S i (Diyf^^ 5 ^ 

[0 0 3 7] «f B Si^^^^5^tt 
KOH^ 

[0 0 3 8] *«WT?*fc*8b**R4#MtS i «>3 

[00 3 9] Ell (b) . @4 (b) lC^<t9»^ 
[0 0 4 0] Si^Wl^oT, *7L*Si±<0* 40 

v- y a y 1 1 »»i «>#® * fc h c mm L x ^ x 

ttfcttfc-T. s iSttS^TttM^ 1 ?* 



[004 1] rottic, #?LKSiS«l5S:^8Mfcf= 
is/^^lc.fc'JB&fcL-C, 01 (c) ir/Pi"J:5Jw, 

TS i 3 N 4 Jf<^^ 7t'x-/y!7yn^t 

^[00 4 2] 04 (a) , (b) WlgroSK, #?L« 
S i Sr«R©-«»lC©*^*Lfc«^tt. 

s i *^tfKie-e»«^awfi'K w 

[0 0 4 3] ^f, ^tr**^* 6 *' 

mm^^Mmvx. mi u> . 
B 4 (d) ( o^j:9i^a^a^^^ BB ^ ,; 

[0 0 4 4] **w#<br±. * y ^^^ut:ato*tfc* 

L*U ^*HC»***t6fc«)-CB*fc\ 



SSSc^™*^ so — * 



(6) 



#§fj ¥05-217821 



L^t>> Wt^X-SB©^^*^^ 1 ^ ffirt 

x-m&m ©wf£#* L * * fo 5 ^ 

IS^$H5^<t (05 (a) ) 3I*;tt#fflft 
£IT, *ttfc»*.iltf , 2 n m»T»¥S4*iB (H 5 

(b) ) tfftfcftS. xyf^fcv^J: 
tt©B#£<«ififc»HU-C^5#, i*bbo««w* 

SJiSW*tftv^fc»«-» UBS i 
S i U *ffi:n*/u*-«>«v\ 

[0 0 4 6] Ilfi^- «r^^#ffl»"e 

tt SB^fflft Ue^J: 5 4 1 2 o or^Twi&S-e 
sit, «ta3oo*cei± 

«Lft£lT«>!IMML ± 9»* t< 14, 5 0 0"C^±, « 
IC, 1 200tgK«W5 o E^ttS 

ia*«E6lT, ±W4t<ft2 0 0Torr eiT-Cifo 
[0 0 4 7] ♦SftttSffi^fflf**^ 18 ^^ 

[0 0 4 8] in (c) , @4 (c) ictt*»a-cae> 
3 ft*. i-*to't>. »ffifcfc**fc 

[0 0 4 9] d 9 L-c»p>nfc**^s*n, ifea^Bt 



[0050] [HJ6«8*« 2 ] ETF, 

[oo5i]03(a)~ (c) t&tomnxm&mBi 

[0 0 5 2] 5tT, 0 3 (a) 
B&jftgffifc J: 5 * f * * * -V A4J*K «t 9 

g^D hyt:^*yft^U-CNfil|l|S*Ji3 2*»* 

[0 0 5 3] 03 (b) fc*$*iS«fcP§!S i 

K«fco-C #?LfCS i 3 3 :<D#?L«S 
iltt, ¥^b b bS i ©*S2. 33g/cm 3 JC|t-< 

MZZbifiX-ZZo Z<D£Hm&. ±^Ui5C« 

[0 0 5 4] 03 (c) ic*-fJ:5fc» 

&S ig$3u fcv^Ui, IJMb b b S iEfcSMfcLfc* 
jB»ctt»2 0»IS3 4ClA9o»t6. ^?L«S i 

Jc©^SS i«SBlc®Mfcl£*MU S 

[0 0 5 5103 (c) fc*1\fc3fc, ^TLK^UfcS 
■CJRftaLT, «ffi05 7*^«:3k#U 0 3 (e) 

3 4 ±idg*tt^^y => ^ 

[0 0 5 7]:? LT*feftfc¥3*fl**tt. tttt^HI 

o zttfX*Zt>. 

[0 0 5 8] K±tt» #?L»k«:tT5«H-NaiSr«* 

[0 0 5 9] 

■f 5. 

[0 0 6 0] (^SSfiaJD 6 0 0 ^nycDjJfE^£*fo 
fcPSdOO) ^ B b bS iS«S:5 0%«)HF««1 3 

50 5mA/cm 2 T'foo^ 0 -<DVtfff>&Hl&it&& 



m Bfi ¥05-2 17821 



It, 1/zm/min. X'h<0 6 0 0 5 * n 

ofc PS (100) Sil«20 /1 mg»b^ 

[0 0 6 1 ] s£PS (100) £?LffS i S^JildCV 
Dfe(-J:9v S i x-Vf % nm^I^ 

[006 2] 

i&g : 9 5 CC 
(E^) : 8 0T o r r 

^:SiH 2 Cl 2 /H 2 ;0. 5/180 (1/mi 
n) 

f&giig : 0. 3 3nm/s e c 

fcfcJMMW'-eiOOO'C, 2«flBlO»i-5^fc»-* 
[006 3] #?LKflSLfc*tt«ft*iBJ;9«f 

[0 0 6 4] R3S«3^^S«*»»^7yW 20 

3-^i:aBMk***i:©»^« (1 0 : 6 : 50) t 

(t *&fis i)i£ttJ^y*^**vrfc:«»K ^ 
[0 0 6 5] ##?L«s i i}igI©K*yf^^«i :fc 

^tixyfy^tt, iftti<2 0^fC-t4 0 

[0 0 6 6] **#ffla<K 9 5 8 0 T 

or r-CHJi^a^JStfCc *©«^S:JS^raS«»*^ 

**toa»«>3fi^2 0nm#l. 5nmtft8K4o 
[0 0 6 7] *fc, 

[0 0 6 8] (3U60H2) 200 5^0^^ 

fcp§i (ioo) hmshs \mmso°/oW¥®m 

O m A/ctn 2 ffcofc. -OP#(0#7Lmka«tt. 

8. 4Mm/min. tfo!) 2 0 0 ^ ^©S^ 

ofcPM (100) SiljgiWt 2 4^t«ft 



[00 6 9] K#?L»t UfcS«Sr»*#Baft«f T% 3 

o or i israaM&st&isi'fc. 

[0 0 7 0] i£PS (10 0) ^TLKS i 
E (5>^-^tr^*'>— : Molecular Bea 
m Epelaxyim^Sixm^i 

[0 0 7 1 ] 

: 7 0 Or 
EE# : 1 X 1 0" 9 To r r 
&&&& : 0. 1 nm/s e c 

[0 0 7 2] yyX-rCVDffiiaotS i 3 N 4 &0. 

[0 0 7 3] *«D#to*fcfflRSv<y7 7- 

K#Kfcr^a-^fcillWk***i:©a^«Bt (10 : 
6:50) T-jtftA/-T2.ri:^<ii^yf->^i"5. 

£?lffs i&KftaS^y^^S*^ **t 
[0 0 7 41 ##*L«S i IfiloRiffl'^t 

[0 0 7 5] r ©*, *3R*H58t«f, 9 5 O^C, 8 0 T 
0 tt**»S«IO3l&H2 0nm!l*l. 5nmiftffl^ 

[o o 7 6i *fc, m^n^mum^^m^mmco 

S iStc«^ffc^ B B B ^f^A$tiT«^-f, 
ft ff ft IS $ n-C v ^ 6 z i: * ixfc. 

[0 0 7 7 ] (IM3) 20 0^d^Wo 
fcPS! (10 0) ¥gh§.S iS1£^5 0%roHFi$^t 

0mA/cm 2 T'Wc o ^<D#f<n$>^V&&^ 
8 4 « m/m in. t'fc9 200 ^D y<0l¥*«:8f 
50 ofcPKlOO) SiSS4*li. 2 4»-C#?L»t 



^¥05-217821 



[0 0 7 9] 

^:SiH 4 
flAtttt*: 10 0W 
fig : 8 0 OlC 
E^:1X1 0 _1 To r r 
ttf-JI-^Jf -2. 5 nm/ sec 

[0 0 8 11 ##a«s«W6*»**^^ 

V^-^^^ ifttft<62»^U0 

^KaWLhB:5Min«>J»*«r*o*:*»*S.l* ^ 
loo 8 2] :ot, **#H*+* 10 °°^ 

loo 8 3] **, aasm^Mte******® 

[0 0 8 41 W*«4) 2 0 0 5^y»f*t»o 
f P§ y (10 0) W *Si»R*5 0%«>HFWW 40 

0»A/c»*tf*ofc. Z***«L«^* 
8 4um/min. tfc? 200 5^yO»*« 
o fc ii (l0 0) Sil^l 24^tW 
1oO°85lS^M(lOO)^SiS^CV 

[0 0 8 61 ^:SiH 4 -(0- 6 1 /m I n) . H 2 ^ 
(1001/min) 



j&g: 8 5 Or 
BE^j ; 4 0 T o r r 
&&&& • 0 . 3 u m/ m i n 

5 or, o. 5»it?>^ia^ ^#w£ffi 

[0 0 8 71 f^^WfcS^^ 7 " 
6:50) ^*A,1-*~b*<9**yf^f *- 

f l°0 0 8 8] #**KS i m&<»®*^*® [Ctc 

**-c«< 2 0 4»*t?t,4 

[00891 9 0 0 d ; p g ^ 55 

1 0 T o r r Lfc. :oW*«^* 

7 ^r±**»a««>«* , ' 20ninasi - 7nmtRW 

"[00 90] aaam^«««^5K*** ro 

[0 0 9 11 (»«5) 6 2 5U^O»^ 
i(l0 0) ^Sii^50%«HFW 

A/cro 2 t .fcofc„ lum 

'Too) si»»«». >o,m«WJtwn 

f (0 0 9 2liWtfcS^»» t - 3 

oor, iB#ffl^a^^Lfc„ 

i. o^nyW^t ****** 

[0 0 9 4] 

RFJ3« : 1 OOMHz 

iiija&m^ : 6 0 0W 

fig: 30 Or 

A r : 8X1 0" 3 T o r r 



fftBU ¥05-217821 



: 1 20^ 

*_y y bEi«>V7*:-2 0 0V 

*mmr*~tw* ******* 

[0 0 9 61 #^«SiWS*»^^^«^ 
SiSIiCSOOnm^fti^^ 0. 7 5, 

[0 0 9 7] tMRSB*** 9 0 0 deg ^ es 

[0 0 9 91 (**«6) 6 005?p^*^ 

^v^iiSHb**^-^ 5m ; 

[0 1 0 1 1 

gI:Sn 

: 9 0 0°C 



roTo2l *MtfcUfc»*«*«fi*9W 

[0 10 3] RSU^^fcSS^y^r- 
K^K^T^n-^taSMk***^^^ (10 : 
6:50) t*Ut6^4<S^^f^ 



To io4l #*a*s i MMn**yr***K*- 
v , t5J ,fy»l tt*-cft<2 0»*7?fcio 

*ro"l0 5] ^O*. 950^801 
ltt «W»20n^l.7nmiMl:^ 

% 10 6] mmm^mmci.mmm<o 

[0107] »17) 200^p^^ 

^Is.H.O, -OOSCCM 
: H 2 2 3 0/m i n 



I 0 8 0t 
8 0 T o i 



roftffifc)*-?^ (l o o) s 



WBW05-217821 



*; n ,111 *#ass i ^vJ'W-fc 

in, 121 -»«. 9 5 0deg ^« 

7*^tt*«*«l»>» 20nm * ! ' lnmtKf> 

Tot ?3 1 asai«*««*« *«®f ^ 

«, j. u, *s«ts * ft-c t 1 *> - i 4! « B * M " 

sxl0l5(ions/cm2)tW^ 
^ -«>*oMi«KHu i0 0mA/c»2-Cfco 

in 2 0 0 ?^y^H^fcPS (ioo) s 

p fi (ioo)si««^ 

fo)^^^^<^^!^V 

2 0 4^. ^ sis T^f^ 



[0 12 0] ^O*. 9 50 deg^ 

T.trTWifel^ ^»»**H«*» 
^^(i7K^a^H20nm^l. 7nmiS» 

[nin]t f : *«w^itttf» SffiMe**** 



K«9 



(12) 



¥05-217821 



(so int. ci. 5 m\m%- fr^mmm^ n mstt^mm 

HOIL 21/76 P 9169-4M 



